ABSTRACT Objective: To evaluate the efficacy of horse ridding simulator on the sitting postural control of children with spastic diplegia. Method: Forty children were randomly divided in a group using the simulator (RS) and a group performing conventional physical therapy (CT). FScan/Fmat equipment was used to register maximal displacement in anteroposterior (AP) and medio-lateral (ML) directions with children in sitting position. At the pre and post intervention stage both groups were classified according to the Gross Motor Function Classification System (GMFCS) and, after intervention, by the AUQEI questionnaire (Autoquestionnaire Qualité de vie Enfant Image). Results: Comparison between groups disclosed statistically significant pos-intervention improvement both in the AP (p<0.0001) as in the ML (p<0.0069) direction in the RS group. Conclusion: The horse ridding simulator produced significant improvement in the postural control of children in sitting position, additionally showing a higher motor functionality and a better acceptance of the therapeutic intervention. Key words: cerebral palsy, spastic diplegia, postural balance, horseback riding therapy.
stable control of posture and balance is automatic for healthy individuals, this is often a challenge for patients with cerebral palsy (CP) 2 . The presence of spasticity, muscle weakness, musculoskeletal alterations and decreased pelvic movement common to children with CP, make the sitting postural control worse than in healthy children 1, 3, 4 . To maintain the sitting posture, children with CP perform stereotyped activation of extensor muscles, abnormal muscle recruitment and excessive activation of antagonist muscles 5, 6 . This interferes with the quality of the reaching movement that basically depends on the postural control 1 . When the child sits with satisfatory postural control and good alignment, he will improve the functionality of his upper limbs for the actions of handling, eating and writing 7, 8 . Different therapies have been described to improve the sitting postural control 9 . Horseback riding therapy is a form of treatment that provides better movement of pelvis and hip, trunk, head and balance in response to the horse movements 10, 11 . A study comparing horseback riding and Bobath method showed significant improvement in the group of children undergoing horseback riding therapy 12 . However, this modality of therapy is not easily available to the majority of CP children mostly due, among other factors, to the generally difficult access to horses and the high cost of the treatment 13 . The Joba® device (Matsushita Electric Works, ltd., Japan) was developed as an attempt to imitate the passive movement consequent to horse riding, with the advantage of providing a horse riding system that could be used indoors. The Joba® produces simple movements which lead the child to experiencing the feelings of real horse riding. The improvement of muscular power and muscular strengthening are attainable only by the action of sitting down and keeping the balance.
The objective of the present study was to evaluate the potentially beneficial effects of the equipment in the sitting postural control of children with cerebral palsy spastic diplegia, proposing an innovative therapeutic intervention in order to provide to these children an alternative form of active treatment for trunk control, that is so important for their daily activities such as eating, writing, reaching and handling. . All parents or guardians were informed about the objective and methods of the study, including risks and benefits, and signed a written consent. Children who could not understand or refused to follow the study protocol, or disclosed deformities of the hip and/or spine, or those who had underwent surgery or received application of medication to reduce spasticity during the last six months were excluded from the study. All children had their postural control evaluated by the record of their body oscillations before and after the period of intervention. The evaluation of the anteriorposterior (AP) and medial-lateral (ML) body oscillations was performed by recording the maximal displacement of the pressure center according to the protocol used by Lacoste 14 in the F-Scan system (software version 4.21) and F-Mat sensor platform-type (model 3100, Tekscan, Inc., South Boston, MA). The system was calibrated before each recording following the manufacturer instructions. The platform was placed on a bench to accommodate the seated child and wooden blocks were used to support the child's feet to keep him in a comfortable position maintaining his hips and knees in a 90° flexion.
METHOD
Each data collection lasted one minute with a sampling frequency of 100 Hz while the child, sitting on the platform, was oriented to cross his arms as if to embrace his own body and to move his body forward and backward, and from left to right. No intervention was performed by the therapist during the test. Three data collections were performed in each child to obtain a final average value.
The data obtained by the F-Scan system were filtered by fourth-order Butterworth digital filter with cutoff frequency of 5 Hz, using Labview software version 5.0 and were exported to an Excel spreadsheet. These assessments were blinded and performed by the technician of Biomechanics Laboratory of the institution.
The Gross Motor Function Classification System (GMFCS) 15 was also applied to both groups. The GMFCS is a quick and easy to use, valid and reliable 5-level classification system based on self-initiated movement with particular emphasis on truncal control in the sitting position and in walking.
At the end of the study, all children were evaluated by the AUQEI scale (Autoquestionnaire Qualité de Vie Enfant image), that is a questionnaire for the assessment of the quality of life capable of evaluating the child's subjective well-being 16 . This questionnaire was validated in
Brazil by Assumpção Jr. et al. 17 and by Christofoletti et al. 18 that broadened the scope of questionnaire adding 14 more questions covering aspects of the motor disability and rehabilitation process. In the present study was used the original scale with the addition of only one the question of Christofoletti's modified scale. All children pertaining to the RS group underwent 12 treatment sessions administered in a two weekly basis, with 40 minutes of duration each, on the horseback riding simulator (Model EU6310) using the level 1 of the equipment and frequency of 100 Hz, as previously performed by Kubota et al. 19 . As can be seen in Fig 1, the horse riding simulator was covered by a plush pony, thus making the equipment more attractive and enjoyable for the children The CT group underwent 12 sessions of conventional physical therapy based on the NeuroDevelopmental Treatment (NDT) with emphasis on specific techniques for trunk control, with two weekly sessions of 40 minutes each. All children were treated by the same experienced physical therapist, certified in NDT.
Statistical analysis of maximum displacement in AP and ML used a model of analysis of parametric covariance (ANCOVA), which aims to test whether there is significant difference between the two groups, taking into account the measurements obtained before the intervention. All the parametric ANCOVA assumptions were tested and showed satisfactory correlation between them: errors were independently and normally distributed, the population within-groups regression coefficients were equal, and linear relationship was present between pretest and posttest 20 . A proportional odds model with generalized estimating equations (GEE) 21 was used for the variable GMFCS. To compare the degree of satisfaction between the two groups assessed by the AUQEI questionnaire was used the chi-square Mantel-Haenszel test. For the purpose of analysis was used a significance level of 5%.
RESULTS
The analysis of the parametric covariance of the displacement of the pressure center in the antero-posterior and medio-lateral directions, in children of both groups (RS and CT) in the pre and post-treatment stage can be seen in Fig 2 and Fig 3. As can be seen, the individual variations in pre and post-test, both displacement in AP and ML were higher in the group using the simulator when compared to the conventional group. In Fig 4 can be seen that, taking into account the individual measures obtained in the AP displacement in the pretest in both groups, the average of the post-test results of the RS group was statistically higher than the average obtained by the CT group (p<0.0001). The same results were observed in the ML displacement where the average of the individual post-test measures in the RS group was statistically higher than the average of the CT group (p=0.0069).
The GMFCS was initially used as a classification system for children before the intervention. Eight children were classified as level II, 16 as level III, 14 as level IV and 2 as level V. However, in the end of the study, seven children were classified into different levels than previous. The children were evaluated again by another researcher who obtained the same result. Five children from RS and two children from CT obtained different functional levels before and after intervention, as shown in Table. Although the level change is not statistically significant, the children treated with a horse ridding simulator had 1.63 times more chances to show a better score after the treatment than before the treatment (p=0.0110). Similarly, the children treated by conventional therapy had 1.22 times more chances to obtain a better score after treatment than before the treatment (p=0.1510).
The scale AUQEI showed that with reference to general themes such as birthdays, holidays, socialization with family members and sports, the level of happiness was satisfactory in both groups. However, when specifically focusing on the physical therapy practice was observed that the group RS had more satisfactory results when compared to the CT group (p=0.0026): no child was unhappy with the use of the simulator while 25% of children belonging to the CT group were unhappy with the therapy.
DISCUSSION
The sitting posture control is very important to improve the quality of life of children with PC and it has been for a long time one of the most important topic of study. In the 90's, Mechanical Artificial Saddles (BABS) came to be used with success in children treating with PC, resulting decreased spasticity, increased sitting stability, improvement in postural adjustments in unstable situations and quickly muscle recruiting 8, 13 . However its use was gradually discontinued mainly because it was heavy, impractical and unattractive to the children. Traditionally, the physical therapy in the pediatric clinic is based on the neuroevolutive method, which aims to the inhibition of pathological reflexes, facilitating the appearance of new functional acquisitions. However, the success of this method in achieving better postural control has been questioned 8, 9 . Despite of the traditional use in several countries during the last 60 years, it is a repetitive method that precociously became boring and discouraging for the children and their parents. Without abandoning the traditional methods it is important to introduce new technological innovations of proven effectiveness, which would provide a more dynamic approach to protocols of physical activity. The combination of an attractive therapy that provide good functional results and is concomitantly well accepted by the children will ensure their spontaneous and enjoyable participation 9, [20] [21] [22] . The Joba® Riding Simulator has been used in programs of muscle strengthening with elderly people, showing increased muscular strength and contraction 19, [23] [24] [25] . Their use was described in children, but its results have not been assessed 26 . To faithfully reproduce the movements of a horse, the physiological effects of the simulator are basically the same as the riding, without its disadvantages. It promotes, through movement, postural adjustments that activate specific muscle groups to maintain posture against gravity. The repetition of these adjustments cause, therefore, mainly muscle strengthening of pelvic, abdominal and lumbar muscles, causing improvement of the trunk balance and postural control against gravity 19,23,24,27,28. In Brazil, there are several hippotherapy centers that offer treatment to children with PC, however there are several factors that complicate or even hinder its practice as adverse weather conditions, difficult access to riding centers often located in remote areas, the need to use properly trained animals, the often excessive cost of the therapeutic sessions due to the high expenses with the horses care , the frequent rejection of the therapy by the children for fear of the horse, the possibility of allergic reactions due to environmental antigens and finally, the difficulty in maintaining the treatment for long periods and to assess its possible results.
The riding simulator is a form of physical therapy that, besides being extremely motivating for children also has several advantages when compared to hippotherapy: it can be used in any place, as an office or a clinic, or even in the patient's own home, it is independent from weather conditions, and is relatively small and quiet. Additionally, is easy to handle and can be programmed for predetermined periods of time with the type of movements to be performed and the level of difficulty, which can be increased gradually and finally, children totally accept and enjoy this kind of therapy.
In this study, the evaluation of the effects of the riding simulator on the postural control of children with CP in sitting position disclosed a statistically significant improvement in the maximal displacement in the anteroposterior and medio lateral directions in the treated group (RS) when compared to the control group (CT). In association whit this enhancement of the postural control it was perceived by the parents a significant improvement of the child performance on daily activities that required greater mobility and postural control, associated with an increased mobility of the pelvis and improvement of the feeding process and sleeping pattern.
When children with PC sit in a good alignment they improve the upper limbs function 1, 5, 6, 8 with consequently positive results in school performance and increased satisfaction in daily activities. In the present study, the gains were evident not only by the better sitting postural control, but also by the change in the level of the GMFCS
